Introduction
Mutual recognition arrangement (MRA) of international committee for weights and measures (CIPM) for national measurement standards and for calibration and measurement certificates issued by national metrology institutes (NMIs) is a response to a growing need for an open, transparent and comprehensive scheme to give users reliable quantitative information on the comparability of national metrology services and to provide the technical basis for wider agreements negotiated for international trade, commerce and regulatory affairs.
A regional metrology organization (RMO) key comparison (KC) is KC executed in the framework of a RMO. The link to the KC reference value (RV) for a KC carried out by a RMO is obtained by reference to the results from those NMIs which taken part in the CIPM KC also. The degree of equivalence relative to the KC RV of a measurement standard or a measurement result is the degree which the measured value is consistent with the KC RV [1, 2] .
To allow the participation in KC of all the NMIs of an RMO, the RMOs may organize their own KC. The RMO KC must be linked to the corresponding CIPM KC by means of joint NMIs (linking NMIs). This is mandatory to demonstrate global equivalence. Instead of the method to determine of RV, the RMO KC protocol must include the way which the results will be linked to the corresponding CIPM KC RV.
A supplementary comparison (SC) is a comparison, usually carried out by an RMO to meet specific needs not covered by KC (e.g. regional needs), for instance Correspondence: velychko@hotmail.com measurements of specific artefacts, or measurements of parameters not within the "normal" scope of the Consultative Committees (CC) of CIPM, and for supporting confidence in calibration and measurement certificates of NMIs [1, 3] .
SCs are normally organized by the RMOs to cover areas or techniques not covered by KCs. Rules for the participation in CIPM and RMO KCs apply to CIPM and RMO SCs also. The differences are next: approval is given by the corresponding RMO committee; degrees of equivalence relative to a SC RV may be computed, but this is not mandatory.
Results of EUROMET.EM-S26 comparison has been linked to the EUROMET.EM-S20 comparison (two SCs). The link is determined from the results of linking NMIs (PTB, Germany and GUM, Poland). GUM did not use the same measurement set-up in both comparisons. Therefore, it was decided to use only the PTB results for link determine [4] .
The proposed procedure linking of results of COOMET.EM-S2 comparison [5] to EURAMET.EM-K5.1 comparison [6] for electrical power was realized with using results of linking NMIs (SE "Ukrmetrteststandard", Ukraine and BIM, Bulgaria).
2 Travelling standards for comparisons UME (Turkey) was the pilot laboratory in EURAMET. EM-K5.1 KC which would be responsible for providing the travelling standard, coordinating the schedule, collecting and analyzing the comparison data, and preparing of draft reports.
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International Journal of Metrology and Quality Engineering PTB, the pilot laboratory of the EURAMET.EM-K5 KC also, was proposed to play a key role in this KC by taking measurements as much as the number of measurements taken by the pilot laboratory. By this way, the measurement results of PTB would be used to estimate the drift effect of the travelling standard.
The single-phase power converter HEG C1-2 was selected for this KC. The principle of operation is based on time-division-multiplication scheme. The instruments are configured as an AC power-to-DC voltage transducer with a nominal full-scale DC output of 10 V.
The The COOMET.EM-S2 SC is the comparison of national standards of electrical power and power factor between the countries − participants of the RMO COOMET. In this comparison took part three NMIs: SE "Ukrmetrteststandard" (UMTS), BIM (from EURAMET also) and BelGIM (Belarus). The UMTS was pilot laboratory which is responsible for providing travelling standard, coordinating the schedule, collecting and analyzing the comparison data, and preparing of draft reports.
The precision electric power standard Radian Research RM 15-04 was selected for COOMET.EM-S2 SC. The RM 15-04 is the most versatile portable standard available for providing as many as 16 different measurement functions.
The RM 15-04 is capable for measuring electrical active power (Wh/kW). In this SC was measured electrical active power so it had to be selected kiloWatt (kW) and the constant of the frequency output is 100 000 000 pulse/kWs. The measure process of measuring electrical active power is fully automatically with the help of connector output count number of pulses which is directly proportional to the measured active power. The output frequency of RM 15-04 is 50 000 pulse/s [5] .
The RM 15-04 is well-suited for test applications when require multiple measurements with high accuracy and stability. The RM 15-04 has features three summing current inputs in addition to its auto ranging capabilities which can be used to perform closed link testing. A test current of 150 amps maximum can be used by applying 50 amps to each of the inputs. All errors are in percent of reading at any combination of the normal operating conditions.
The input signals for EURAMET.EM-K5.1 and COOMET.EM-S2 comparisons are shown in Table 1 .
Proposed linking procedure
The procedure used for RMO KC data evaluation is intended to provide linking to CIPM KC data with low uncertainty [7, 8] . The RMO SCs are carried out with the purpose of confirming calibration and measurement capabilities (CMC) of the corresponding NMI. During the evaluation of the SCs data the measurement uncertainties claimed by the participants of comparisons are confirmed that, essentially, is the confirmation of corresponding measurement CMC [8, 9] .
Results of COOMET.EM-S2 comparison is to be linked to the EUROMET.EM-K5.1 comparison (SC to the KC). BIM did not use the same measurement setup in both comparisons. Therefore, it was decided to use only the UMTS results to determine the link. RVs and its uncertainties are given in Table 2 .
The degree of equivalence D i of national standards and its expanded uncertainty U (D i ) that participated in EURAMET.EM-K5.1 [6] and COOMET.EM-S2 [5] comparisons are shown in Table 3 , Figures 1 and 2 for 53 Hz.
For each of the joint participants in both comparisons was calculated degree of equivalence and it uncertainty with used next formula:
where x i is measured value for participant; RV j is reference value of comparison (for PF = 1.0; 0.5 Lag; 0.5 Lead); r i is correlation between the results from the participant and the RV j ; u(x i ) is combined standard uncertainty of measured value for NMI; u(RV j ) is combined standard uncertainty of RV j .
If correlations have been ignored (r
Values of E n criterion was determinates
According to the recommendation COOMET R/GM/19 [9] on the basis of measurement results and associated uncertainties {x i , u (x i )} , i = 1, . . . , n presented by participants of comparison, calculate the value of the criterion χ To checks consistency of comparisons were used criterion value, calculated from data provided by the NMI does not exceed the critical value χ 2 for confidence level 0.95 and the number of degrees of freedom n − 1
Values for criterion χ 2 for COOMET.EM-S2 are given in Table 4 .
The results of the COOMET.EM-S2 comparison are to be expressed in relation to the EURAMET.EM-K5.1 RV − RV K5.1 . For this purpose the degrees of equivalence of COOMET.EM-S2 comparison (indicated D S2 ), will be corrected by a correction d, which is determined from the results of the participant NMI in both comparisons (UMTS):
where D K5.1UMTS is degree of equivalence of national standard UMTS in EURAMET.EM-K5.1 comparison; D S2UMTS is degree of equivalence of national standard UMTS in COOMET.EM-S2 comparison. with the uncertainty:
degrees of equivalence, correction d and its uncertainties are shown in Table 5 .
The corrected degrees of equivalence for the participants in COOMET.EM-S2 in terms of RV K5.1 are then given by:
with the uncertainty:
Practical linked results
The degrees of equivalence for participants of COOMET.EM-S2, and corrected degrees of equivalence for BelGIM in terms of RV K5.1 with using formulas (9) and (10) are shown on Table 6 and Figure 3 (*EURAMET.EM-K5.1; **COOMET.EM-S2).
Results of BelGIM are linked to the EUROMET.EM-K5.1 comparison with using proposed procedure. The link is determined from the results of linking NMIs. BIM did not use the same measurement set-up in EUROMET.EM-K5.1 and COOMET.EM-S2 comparisons. Therefore, it was decided to use only the UMTC results to determine the link. 
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Conclusion
The results of a regional key comparison EURAMET.EM-K5.1 and a supplementary comparison COOMET.EM-S2 for electrical power showed good agreement between all but one of the participating laboratories.
The results of RMO SCs for confirming CMCs NMIs are used. For each of the joint participants in key and supplementary comparisons for equal nominal of electrical quantity can be calculated degrees of equivalence national standards and it uncertainty in term KC RV.
The procedure of practical linking the results of key and supplementary comparisons of RMOs for electrical power for power factors 1.0; 0.5 Lag; 0.5 Lead on 53 Hz are proposed.
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